Infection with Epstein-Barr virus (EBV) followed by infectious mononucleosis (IM) is now considered to be a risk factor for Hodgkin's disease (HD). It is less clear whether EBV infection and IM are associated with an increased risk of cancer generally. We used a longstanding record-linkage dataset in Oxford (years 1963Oxford (years -1998, and a more recent record-linkage dataset covering England (1999England ( -2005, to compare rate ratios for cancer between people admitted to hospital for IM and a reference cohort. In the Oxford cohort, there was an increased risk of subsequent HD [rate ratio (RR) 6 . 0, 95 % confidence interval (CI) 2 . 4-12 . 5] but not of other cancers combined (RR 0 . 85, 95 % CI 0 . 57-1 . 23). In the England cohort, there were increased risks of HD (RR 3 . 2, 95 % CI 1 . 2-7 . 0), non-Hodgkin's lymphoma (RR 5 . 6, 95 % CI 2 . 9-9 . 8), and oropharyngeal cancer (RR 5 . 4, 95% CI 1 . 1-16 . 2), but no significant overall risk of cancer when lymphomas were excluded (RR 1 . 01, 95 % CI 0 . 71-1 . 41). We confirm an association between IM and lymphoma ; but the risk, if any, of cancer more generally is likely to be small.
INTRODUCTION

Infectious mononucleosis (IM) is a clinical syndrome caused by infection with Epstein-Barr virus (EBV). In
Western countries a substantial percentage of people have been infected by EBV at some stage in their lives, mostly in infancy, but few develop IM. IM typically develops following relatively late EBV infection, after infancy and early childhood, in adolescence and early adult life. Infection with EBV, and the development of IM, is now considered to be a risk factor for Hodgkin's disease (HD) [1] [2] [3] [4] . Infection with EBV is also associated with an increased risk of Burkitt's lymphoma in Africa and Papua New Guinea, and with nasopharyngeal cancer in Africa and southern China. The question of whether EBV infection is associated with an increased risk of other cancers is less well investigated. It is commonly held that 'EBV is also found in a number of other malignancies, both lymphoid and non-lymphoid, which suggests that EBV infection may not be specific to Hodgkin's disease ' [1] . In a recent review, Young & Rickinson, in commenting on EBV and Burkitt's lymphoma, wrote that, 'EBV has moved from being a bit-part player in the story of an obscure African tumour to its present leading role as the prime example of a human tumour virus that is aetiologically linked to an unexpectedly diverse range of malignancies ' [5] . Our aim was to determine whether there is epidemiological evidence to support the hypothesis that the syndrome of IM is not only associated with lymphoma, but also with a more general elevation of risk of cancer in England. We used two record-linkage datasets -the Oxford Record Linkage Study (ORLS) from 1963-1998 and a dataset for the whole of England from 1999-2005. The rationale for using both is that the ORLS provides information about longer mean periods of observation between IM and cancer than the dataset for England, whereas the dataset for England covers a much larger population but with much shorter follow-up.
METHODS
Population and data
We used data from the Oxford Record Linkage Study (ORLS) and from English national Hospital Episode Statistics (HES) [6, 7] . The English NHS Central Office for Research Ethics Committees approved the current work programme of analysis using the datasets (reference number 04/Q2006/176). The ORLS includes brief statistical abstracts of records of all hospital admissions (including day cases) in National Health Service (NHS) hospitals, and all deaths, whether in hospital or not, provided that the death occurred within the geographical area covered by the ORLS. Data collection was undertaken within the former Oxford NHS Region and it covered one health district from 1963, two from 1965 (population 850 000), six from 1975 (population 1 . 9 million) and eight from 1987 (population 2 . 5 million), until 1998. Linkable data have been collected since then in the Oxford region, as part of national English linkage, but the linkage keys are not compatible across the 1998 divide. The ORLS hospital data were collected routinely in the NHS as the region's hospital statistics system and were similar to English national HES. The death data derive from death certificates. The data for each individual were linked together by probabilistic linkage using encrypted names, dates of birth, and addresses, as they accrued, and are now fully anonymized and archived. The English data, an extract from linked national HES and death data, spanned 1999-2005. It was linked using encrypted NHS numbers, dates of birth and postcodes.
Using the ORLS, a cohort was constructed of people admitted to hospital, with an International Classification of Diseases (ICD) code for infectious mononucleosis (IM) on the discharge record, aged <65 years. This was done by identifying the first admission for IM in a NHS hospital in the former Oxford NHS Region during the study period (we termed this the 'exposure cohort ' for this analysis). The ICD codes used for IM were 093 in ICD-7 (from 1963 to 1967), 075 in ICD-8 (from 1968 to 1978) and ICD-9 (from 1979 to 1994), and B27 in ICD-10 (from 1994). The main terms covered by the codes are 'glandular fever ' and 'infectious mononucleosis '. No information is available in the coding about whether the diagnosis was a clinical one or whether there was diagnostic laboratory confirmation. Terminology was similar over time and any confounding that might have been introduced by differences in diagnostic criteria over time was reduced by the fact that the analyses were stratified and standardized by year of admission (see below).
A reference cohort was constructed by identifying the first admission for each individual with various common and reasonably minor reasons for hospital admission (mainly surgical or orthopaedic conditions, or injuries, see note to Table 1 ) as the main diagnosis or operation. This is based on a 'reference ' group of conditions that has been used in other studies of associations between non-malignant diseases and subsequent cancer [6, [8] [9] [10] . We used the standard epidemiological approach of using a variety of conditions in choosing a hospital comparison group (to avoid the possibility of atypical cancer risk in any one). The choice of conditions was made for this and other studies [6, [8] [9] [10] ] by the investigators. We then tested each individual reference condition, by analysis of its own cancer risk, to determine whether any individual condition gave atypically high or low cancer rates. This led us to exclude one common condition in the original group -admissions for upper respiratory tract infection -because they showed some elevated risks of associated cancers.
People were excluded from the IM and reference cohort if they had an admission for cancer either before or at the same time as the admission for IM or the reference condition. We searched the dataset for any subsequent NHS hospital care for, or death from, cancer in these cohorts. We considered that rates of cancer in the reference cohort would approximate those in the general population of the region while allowing for migration in and out of it (data on migration of individuals were not available).
The same methods and selection criteria were used to construct cohorts using the English national data.
Infectious mononucleosis and cancer
Statistical methods
We calculated rates of each cancer based on personyears at risk. We took 'date of entry ' into each cohort as the date of first admission for IM, or reference condition, and 'date of exit ' for the analysis of each individual cancer as the date of first record of cancer, death, or the end of the data file (1998 for the ORLS, 2005 for England), whichever was the earliest. In comparing the IM cohort with the reference cohort, we first calculated rates for cancer, standardized by age (in 5-year age groups), sex, calendar year of first recorded admission, and either district of residence (ORLS) or region of residence (England), taking the combined IM and reference cohorts as the standard population. We then applied the overall rates to the age structure of the individual cohorts of people with IM or with the reference conditions. We calculated the ratio of the standardized rate of occurrence of cancer in the exposure cohorts relative to that in the reference cohort. The calculation of the rate ratios, and their confidence intervals, were based on the methods described by Breslow & Day [11] . In brief, we considered the observed counts of outcomes of each cancer to be distributed as Poisson variables. Since the ratio of two such variables follows a binomial distribution, we used this distribution to obtain the confidence intervals on the rate ratios.
We repeated the analyses excluding admissions with an ICD code for cancer that occurred within a year following the admission for IM. We did so to reduce the possibility that the cancer was present at the time of IM and to reduce the possibility that, for lymphoma in particular, the tumour in a febrile patient may have initially been diagnosed as ' glandular fever '.
In comparing the IM and reference cohorts, the precision of the rate ratio depends on the number of people with each subsequent disease within each cohort. The size of the IM cohort is fixed by the number in the database with the condition. In the reference cohort, we included all the people in the database with the reference conditions in each age group. We used all the people in each stratum in the reference cohort in order to maximize the precision of the rate ratios. 
Risk of IM in people with cancer
We also considered the possibility that IM might be more common in people who already had cancer than in others. To investigate this, we reversed the study design : we constructed a cohort of people with cancer (termed the 'exposure ' cohort for this analysis) and sought records of subsequent admission for IM in them, to compare with the reference cohort. In this analysis we stratified the cancer cohort and the reference cohort by date of admission for cancer or reference condition, by year of admission for cancer or reference condition, and by sex and district of residence, and conducted the analyses using the statistical methods as described above.
RESULTS
In the Oxford data, there were 2797 people in the cohort of people with a diagnostic code for IM at hospital discharge, of whom 61% (1706) were aged <20 years and 89% (2502) were aged <30 years at the time of hospital admission. There were 543 524 people in the reference cohort.
In the English data, there were 15 029 people in the cohort of people with a diagnostic code for IM at hospital discharge, of whom 68 % (10 183) were aged <20 years and 90 % (13 538) were aged <30 years at the time of hospital admission. In both cohorts, the modal age group at admission for IM was 15-19 years, the second most frequent age group was 20-24 years, and the third was 10-14 years. Admission for IM was substantially more common in males than in females in most age groups; more common in females than males at ages 10-14 years ; and numbers of males and females were very similar in the commonest age group of 15-19 years. There were 3 405 696 people in the reference cohort. Table 1 shows the age distribution of people admitted with IM compared to those admitted for one of the reference conditions in both the Oxford and England populations. It shows that there were high matching ratios, of reference cohort conditions to people in the IM cohort, in every age stratum.
Cancer after IM : Oxford data
The rate ratio for HD was significantly elevated [6 . 0, 95 % confidence interval (CI) 2 . 4-12 . 5, based on seven observed cases, Table 2 ]. The time intervals from IM to HD were 1 year, 2 years, 4 years (two patients), 5 years and 7 years (two patients). The rate ratio for non-Hodgkin's lymphoma was not significantly elevated (1 . 8, 95% CI 0 . 4-5 . 2, based on three observed cases, Table 2 ).
There was no elevation of risk of cancer overall in the IM cohort, compared with the reference cohort (Table 2) : the rate ratio for all cancers combined was 1 . 03 (95 % CI 0 . 7-1 . 4), and excluding the cases of lymphoma, the rate ratio was 0 . 8 (95 % CI 0 . 5-1 . 2). In Table 2 , we have shown data for each cancer with two or more observed or expected cases. There were no cases of cancer of the nasopharynx (compared with 0 . 1 expected cases). There were no cases of leukaemia (compared with an expected value of 1 . 3). Other cancers that were studied but are not included in the table (because both the observed and expected number was <2) were cancers of the oral cavity, pharynx and lip, larynx, salivary gland, oesophagus, stomach, rectum, liver, pancreas, cervix, uterus, ovary, prostate, testis, kidney, malignant and benign brain, other nervous system, thyroid, bone and multiple myeloma.
Cancer after IM : England data
There was an elevated risk of HD (3 . 2, 95% CI 1 . 2-7 . 0, based on six cases ; Table 3 ). There was also an elevated risk of non-Hodgkin's lymphoma in this cohort (5 . 6, 95 % CI 2 . 9-9 . 8), but the elevated risk was confined to admissions of non-Hodgkin's lymphoma that occurred within 1 year of the admission for IM (Table 3) . Of the 12 cases of nonHodgkin's lymphoma, five were coded with the ICD codes for ' peripheral and cutaneous lymphoma', five with the code for 'diffuse non-Hodgkin's lymphoma ' and two with the code for 'other and unspecified types '.
There was a significant elevation of risk of cancer overall in the IM cohort, compared with the reference cohort (Table 3) : the rate ratio for all cancers combined was 1 . 4 (95 % CI 1 . 03-1 . 8). However, exclusion of the cases of lymphoma showed that there was no excess of the other cancers combined [rate ratio (RR) 1 . 01, 95 % CI 0 . 7-1 . 4]. In Table 3 , we have shown data where there were two or more observed or expected cases. Cancers that were significantly elevated, in addition to lymphoma, included cancer of the pancreas (RR 7 . 7, 95 % CI 1 . 6-22 . 7) and prostate (RR 4 . 9, 95% CI 1 . 02-14 . 5). Cancers of the pancreas and prostate were only significantly elevated when the cancer admission occurred within a year of IM admission [rate ratios excluding first-year cases were Table 1 . # ICD-9 codes for each cancer (equivalent codes were used for cases coded in ICD revisions 7, 8 and 10). $ Ratio of the rate in the IM cohort compared with the rate in the reference cohort, adjusted for sex, age in 5-year bands, time-period in single calendar years, and district of residence. · People with an admission with an ICD code for cancer, within 1 year of admission for IM, were excluded from this analysis. Table 3 ). The observed cases were two cases coded as cancer of the hypopharynx and one case coded as cancer of the tongue. All three cases of these cancers occurred within 2 years of the admission for IM. There were no cases of cancer of the nasopharynx (compared with 0 . 2 expected cases). Cancers that were studied but are not included in the table (because both the observed and expected number was <2) were cancers of the larynx, salivary gland, oesophagus, stomach, rectum, liver, lung, cervix, uterus, ovary, testis, kidney, benign brain, other nervous system, thyroid and bone.
Time intervals
If IM leads to an increased risk of non-lymphoma cancer, a time lag of several years might be expected (allowing for latency). Accordingly, we analysed time intervals (Table 4) . Considering the combined group of cancers excluding lymphoma, there is no evidence that the rate ratio for cancer increases with time from IM admission in either the Oxford or the England population (Table 4) . Considering HD, all but one of the Oxford cases occurred >1 year but <8 years after IM. In the England data (with much shorter potential for follow-up than in the Oxford data), all six people with HD developed it within 5 years of IM. Ten of the 12 England cases of non-Hodgkin's lymphoma were first admitted to hospital with it within a year of admission for IM.
IM after cancer : Oxford data
In this analysis, we confined the 'exposure cohort ' of people with cancer to those whose first admission for cancer was at age <30 years (because almost 90 % of all cases of IM were aged <30 years). There were 7038 people with cancer and four people with a subsequent admission for IM, compared with an expected number of 3 . 9 (RR 1 . 04, 95 % CI 0 . 3-2 . 7). There were no cases of admission for IM after a diagnosis of lymphoma (0 . 5 expected).
IM after cancer : England data
This analysis, too, was confined to those with a first admission for cancer aged <30 years (because 90 % of all cases of IM in the England data were aged <30 years). There were 59 905 people with cancer and 21 people with a subsequent admission for IM, compared with an expected number of 15 . 4 (RR 1 . 4, 95 % CI 0 . 9-2 . 1). The rate ratio for IM after lymphoma was 2 . 2 (95 % CI 0 . 7-5 . 1, based on five observed and 2 . 3 expected cases).
DISCUSSION
Interest in the possibility that virus infection could cause cancer was first awakened by the work of Peyton Rous in the early decades of the 20th century. He was eventually awarded the Nobel Prize in 1966 for his work on virus transmission and chickensarcoma. The role of oncoviruses in the aetiology of some cancers is now well established [12] . Our study has similar findings to that of a large record-linkage study performed in Sweden and Denmark [13] . We found, as they did, an elevated rate ratio, with a relatively short period of follow-up, between IM and HD. We both found an increased rate ratio for non-Hodgkin's lymphoma that was no longer present after the first-year cases were excluded, and both studies found no elevated risk of cancer generally after lymphoma was excluded.
Lymphoma
The first major epidemiological study of IM and HD was published by Rosdahl et al. from Denmark in 1974 [2] . In their study, 17/17 073 people who had a positive reaction to the Paul-Bunnell test for IM subsequently developed HD, compared with an expected number of six (a threefold elevation of risk with a P value, quoted by the authors, of <0 . 0002). Since then, evidence of an association has accumulated through studies that have shown raised antibody titres to EBV associated with HD, and through studies using specific gene probes for EBV, and polymerase chain reaction [1] . Diepstra et al. postulated biological mechanisms through which EBV infection may contribute to the development of HD, concerning genetically determined immune responses to challenge with EBV antigens [3] .
The record linkage study from Sweden and Denmark found an association between IM and HD, with a standardized incidence ratio of 2 . 55 (95 % CI 1 . 87-3 . 40) [13] . A recent population-based case-control study performed in Italy found an elevated risk of HD (age adjusted odds ratio 4 . 4, 95 % CI 1 . 1-16 . 6) [14] . A recent case-control study performed in the UK found a significant association between IM and HD (RR 2 . 43, 95% CI 1 . 10-5 . 33), and found that that EBV-positive HD was significantly more likely to be associated with IM than EBV-negative HD [15] . Our rate ratios for HD are broadly similar to the risk in these studies. We cannot completely rule out the possibility that HD may have been misdiagnosed as IM in any of the cases where the time intervals between them were fairly short. In the Danish and Swedish study, 17/46 cases of HD occurred within 5 years of IM, and 30/46 within 10 years of IM [13] . Hjalgrim et al. [16] , who studied the characteristics of the Danish cohort in detail, reported that the median time from infection to Hodgkin's lymphoma was 4 years. The median times in our study, in the Oxford and England datasets, were only 4 and 2 years respectively. Nonetheless, misdiagnosis seems an unlikely explanation for the findings. There is now substantial evidence to support the view that the association between EBV infection and HD is causal. As Mueller has written [12] , there are consistent serological and molecular patterns of EBV 'fingerprints ' associated with HD. The data on time-periods indicate that latent period from IM to HD can be quite short.
In the England data, we found a significant association with non-Hodgkin's lymphoma as well as with HD. However, the elevation of risk in our study was only found when non-Hodgkin's lymphoma was diagnosed within a year of IM, as it was in the Danish-Swedish study [13] . Misclassification of lymphoma, initially as IM, is a possible explanation for this finding. An alternative explanation, for both the Danish-Swedish findings and ours, is that IM infection results in very rapid oncogenic transformation in respect of non-Hodgkin's lymphoma. EBV causes very marked B cell proliferation. A short latent period between infection and lymphoma is plausible. A further explanation is that the association may be the result of unmeasured confounding -that those who are prone to IM are also prone to non-Hodgkin's lymphoma.
Other cancers
The Swedish and Danish study [13] reported a significant association between IM and skin cancer overall, and also significant associations, separately, for malignant melanoma and for non-melanoma skin cancer. Numbers of people with skin cancer in our study are too small to comment on this association. In the England data (the larger of the two cohorts, but with limited follow-up), we found significant elevations of cancers of the oral cavity, pancreas and prostate. Neither cancers of the pancreas or prostate have, to our knowledge, been reported before and were only significant in the short-term after IM, suggesting that the association is non-causal. Furthermore, we made multiple comparisons between IM and cancers and a few significant findings would be expected by chance. Our finding of an elevated risk of oropharyngeal cancer supports a previous study on EBV and an elevated risk of oropharyngeal cancer [17] , but the large Swedish study did not find an association with oropharyngeal cancer [13] .
Total risk of cancer after IM, excluding lymphoma
Our data, and that from the Danish and Swedish cohort [13] , provide strong evidence that there is no general increase in risk of cancer following IM infection.
Risk of IM in people with cancer
We also studied the risk of hospital admission for IM after an initial diagnosis of cancer. We did so, first, because we considered the possibility that a cancer, perhaps particularly a lymphoma, might initially be diagnosed as IM. Second, we considered the possibility that if cancer and IM are associated, the association might be non-causal but confounded by a shared increase in individual susceptibility to both the cancer and IM. In this case, any association might be expected to be found bi-directionally -an increased risk of IM both before and after cancer. Our findings do not support the hypothesis that there is an elevation of risk of IM after the occurrence of cancer.
Strengths and weaknesses of the study
A strength of our study is that, using the datasets, we were able to analyse associations with all cancers as well as with HD. Unlike case-control studies based on recall of infections in the distant past, our study is not susceptible to reporting biases. We used both the Oxford and the England datasets to take advantage of the much longer follow-up of the Oxford dataset and the much larger size of the English dataset.
The study design also has a number of limitations. First, we have no clinical data other than the ICDcoded diagnoses. We have no information about whether there was laboratory confirmation of the diagnosis of IM. A further limitation of our study is that it is confined to patients whose infection was serious enough to warrant hospital care. Infection with EBV is very common ; only a small minority of people infected with EBV develop IM ; and only a minority of people with IM are admitted to hospital. This means that our study design includes some misclassification : it is a comparison between one cohort, all of whom had IM, and another cohort, many of whom will have had EBV infection and IM without hospital admission. This would reduce our chances of detecting a difference between the cohorts, if one truly exists, so it is noteworthy that the expected positive association between IM and HD was indeed found. We hope that this may encourage others to use similar methodology in pursuing other hypotheses about infectious diseases and their possible sequelae, if the latter require hospital care, using linked administrative hospital statistics.
The study is too small to detect the risk of nasopharyngeal carcinoma. Nasopharyngeal cancer is very rare in England, but associations between it and EBV infection in African and Chinese populations have been well documented [18, 19] .
In summary, we add support to the evidence that the risk of HD is increased after IM. Our data also suggest that this association is probably specific to HD, and perhaps oropharyngeal cancer, and that, at least in this relatively young Western population, there is not a more generalized increase in the risk of cancer.
